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Abstract
 The objective of this study is to determine the effect of variations in global spectral distribution due to the variation of water
vapor on the performance of two types of solar cells, nanocrystalline silicon (nc-Si:H)  and cadmium telluride (CdTe) using the
spectral irradiance model for clear skies SMARTS2 over a typical rural environment in Setif. Water vapor can reduce the amount
of sunlight reaching a solar cell, and thereby cause a reduction in the electrical current, fill factor, open circuit voltage. The
results indicate that  water vapor increase in the atmosphere reduces the short circuit current of the CdTe cell by 3.15% while this
reduction is about  2.38% for the  (nc-Si:H) cell. The efficiency for both cells increases with increasing water vapor. These
findings should be taken into consideration by  solar cell engineers for better sizing of  these types of solar cells.
Keywords: CdTe, (nc-Si:H), Solar Cells, Efficiency, Water Vapour, Global Irradiance, Spectral Variation, SMARTS model.
*Corresponding author: Email: ab_guechi@yahoo.fr
Open access under CC BY-NC-ND license.
© 2011 Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of the Organizer.
Open access under CC BY-NC-ND license.
A. Guechi et al. / Physics Procedia 21 (2011) 108 – 114 109
1. Introduction
In recent years new thin film technologies have entered the photovoltaic (PV) marketplace and are now available
commercially, namely cadmium telluride (CdTe), Copper-Indium-Gallium-Diselenide (CIGS), and hydrogenated
amorphous silicon (a-Si-H). These technologies exhibit a steadily improving efficiency and are potentially cheap to
produce.
Today CdTe is one of the leading thin film photovoltaic materials due to the optimum band gap of 1.5 eV for the efficient photo conversion
 and high optical
absorption coefficient (tKLFNQHVVRIDSSUR[LPDWHO\ȝPZLOODEVRUEQHDUO\RIWKe incident solar radiation) [1].
The amorphous silicon/nanocrystalline silicon (a-Si/nc-Si) tandem solar cell is a promising candidate for use as the
next-generation of thin film solar cells. Compared to other thin-film technologies currently under development and
being presently industrialized (CIGS, CdTe), silicon thin-films have the key advantage of using silicon as raw
material that is non-WR[LF DQG ZLGHO\ DYDLODEOH LQ WKH HDUWK¶V FUXVW $OWKRXgh this material has a complex
nanostructure, its optical properties have a marked crystalline characteristic. The band gap of the nanocrystalline
areas should be around 1.1 eV; while for the amorphous, it is around 1.7-1.8 eV [2]. With these band gaps, the nc-
Si: H diode should have a much higher forward current density than the CdTe. This implies the spectral absorption
of nanocrystalline silicon covers a much larger range. Nanocrystalline silicon absorbs light coming from a wider
spectral range, extending to 1100 nm [2]. Furthermore, the nc-Si: H solar cell is reported to be largely stable against
light induced degradation [3]. Another advantage of the (nc-Si: H) and CdTe technologies is the flexibility with
regards to the method of manufacture.
Global solar radiation at surface level is an important parameter in designing systems employing solar energy,
such as high temperature heat engines, high intensity solar photovoltaic cell, building designing, horticulture, etc.
Manufacturers report photovoltaic module power output at standard testing conditions (STC), which correspond
to 1000 W/m2, 25°C, air mass 1.5 and normal incidence. In real operating conditions however, the module output is
strongly affected by various environmental conditions such as irradiance, temperature, spectral effects. Furthermore
the impact of each climatic factor on the energy production varies according to the module technology in use [4].
The performance of solar cells is influenced by the solar radiation at ground level that is not only place and time
dependent but also varies in intensity and spectrum due to varying atmospheric parameters as turbidity, water vapor,
air mass, and albedo. The effect of the variations of the solar spectrum on the performance of the different
photovoltaic devices is not yet quantified on a large scale and few works have been published [5]. This is mainly
due to the difficulty to obtain spectral measurements especially for developing countries for not being able to afford
the necessary equipment.
The aim of this study is to evaluate the effect of changes in spectral distribution of global irradiation due to the
variation of atmospheric parameters such as water vapor content on the performance of two types of solar cells,
nanocrystalline silicon (nc-Si-H) and cadmium telluride (CdTe). The global solar irradiance striking a solar cell is
estimated using the spectral irradiance model for clear skies SMARTS2. The variation of the common performance
namely short circuit current, fill factor, open circuit voltage, and efficiency are shown and discussed.
2. Calculation procedure
2.1. Spectral solar irradiance calculation
A large range of atmospheric radiation models has been elaborated by different authors for calculating the
spectral solar irradiation [7, 13]. Several of these models have been developed by various climate research centers
and are highly complex numerical models utilizing the satellite observations as inputs. A physical spectral model is
proposed by Gueymard [10] and called SMARTS2 (Simple Model of Atmospheric Radiative Transfer of Sunshine) is
introduced here to examine the global solar radiation variation on the thin film solar cells output. It can be used in a
variety of applications to predict full terrestrial spectra under any cloudless atmospheric condition. It gained
acceptance in both the atmospheric and engineering fields due to its low number of inputs, ease of use, to its
versatility, execution speed, and various refinements. It can calculate punctual estimations of spectral irradiances
using as input parameters the local geographic coordinates, atmospheric water vapor content, atmospheric pressure
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and aerosol optical thickness. SMARTS2 is used to generate the global component of the solar spectra for the site of
Setif (36.18°N, 5.41°E, 1081m) on a horizontal surface which is characterized by a clear sky most of the time.
2.2. Solar cell parameters calculation
The fill factor and the conversion efficiency Ș of the solar cell are associated through:
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Where Pi is the incident irradiation in W/m2 and is given by:
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With (Ȝ is the spectral irradiance, S is the area of the device, Isc is the short circuit current and Voc is the open
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The ideality factor, n, and the saturation current, Is, are computed from the I-V characteristics using an approach
that involves the use an auxiliary function and a computer fitting routine [15].
 The short circuit density Jsc of device, which is the value of the photocurrent density, is directly linked to the
spectral irradiance (Ȝ and   can be calculated as:
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Where (Ȝ is the energy of the incident light and SR (Ȝ is the measured spectral response at a given wavelength, Ȝ.
Figure 1 shows the measured spectral response of the different thin film solar cells considered in this study. It is
clear that each technology has a characteristic spectral response and an effective spectral range. Nanocrystalline
silicon (nc-Si: H) cells respond in the range 400-1100nm, while CdTe cells respond in the range 400-900nm.
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Figure 1: Spectral response of the different thin film solar cells [2-16].
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3. Results and discussion
The global solar irradiance is calculated at Setif (36.11°N, 5.25°E, and 1081m) on a horizontal surface by varying
one environmental parameter and maintaining the others fixed (AM1.031, albedo=0.1 and turbidity=0.1), using
SMRTS2. Then for each value of the environmental parameter in the study, we calculated the short circuit current,
the open circuit voltage, the fill factor and the conversion efficiency of the CdTe and microcrystalline silicon solar
cells. The variations of global spectral irradiance as a function of wavelength under the influence of precipitable
water vapor amount are presented in Figure 2. We note a decrease in solar irradiance when water vapor increases,
mainly in the infrared region because in this region the water vapor is the most important absorber. The main water
vapor absorption bands of solar radiation can be seen at 0.72DQGȝP%H\RQG
ȝPWKHWUDQVPLVVLRQRIWKHDWPRVSKHUHLVYHU\ORZGXHWRDEVRUSWLRQE\ZDWHUYDSRU
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Figure 2: Global spectral irradiance as a function of wavelength for different values of water vapor at Setif.
Figure 3 shows the influence of water vapor on the efficiency of the different considered solar cells. The
efficiency increases with increasing water vapor, so that the output current is increased. Increasing water vapor in
the atmosphere reduces the available irradiance and consequently the short circuit current. The output current is
reduced but in different proportion for each type of cell according to the situation and shape of the spectral response.
The reduction in the short circuit current due to increasing water vapor is 3.15% and 2.38% respectively for CdTe
and (nc-Si-H) solar cells when the water vapor amount increases from 0.5 to 4 cm.  The current of the (nc-Si-H)
solar cell is subjected to a larger reduction than that of CdTe because the spectral response of (nc-Si-H) solar cell
covers a larger area than does CdTe. A general summary of the variation of the short current, open circuit voltage
and fill factor as function of the water vapor are illustrated in Table 1.
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Figure 3: Efficiency as function of water vapor on a horizontal surface under global irradiance
Table 1: Effect of the water vapor on the CdTe and nc-Si: H solar cells parameters for global solar irradiance
4. Conclusion
The aim of this study is to assess the effect of changes in global solar distribution due to the variation of the water
vapor content in the atmosphere; using the spectral irradiance model Smarts2, on different parameters characterizing
the performance of CdTe and nc-Si-H solar cells. The calculation of the global component of the solar irradiance
show that the solar irradiance received at ground level is not only place and time dependent but also varies in
intensity due to the varying seasons. The analysis shows that the circuit current decreases with increasing water
vapor for the different types of the thin film solar cells. However, the efficiency increases with increasing water
vapor. The effect is greater in CdTe than nc-Si: H solar cell under global irradiance.
           CdTe Solar Cell (nc-Si-H ) Solar Cell
Water Vapor Jsc
(mA/cm²)
Voc (V) FF Jsc
(mA/cm²)
Voc (V) FF
0.5 25.2265 0.8477 0.75162 27.8132 0.4767 0.7513
1 25.1041 0.8474 0.7516 27.7147 0.4766 0.7512
2 24.9015 0.8469 0.75146 27.5603 0.7464 0.7512
3 24.7280 0.8465 0.74138 27.4090 0.4762 0.7511
4 24.5763 0.8461 0.75130 27.2762 0.4761 0.7510
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